To clarify the roles of granulated metrial gland (GMG) cells for successful pregnancy in rats, GMG cells in beige rats (genotype: DA-bg/bg), whose NK cells show lysosomal dysfunction because of abnormalities in cytoplasmic granules, were examined in mid-and late-pregnancy by light and electron microscopies. The GMG cells of beige rats were significantly less in number than those of the two controls (genotypes: DA-bg/+ and DA-+/+) in mid-and late-pregnancy, and this accompanied a low reproductive performance in the beige rats. The size of intracellular granules in the GMG cells of the beige rats was larger than for the two controls on each corresponding day of pregnancy. These results suggest that the activity of rat GMG cells and peripheral NK cells might be influenced by the beige gene, which is involved in reproductive performance.
mong leukocytes emerging during pregnancy in mice and rats, granular lymphocytes, known as granulated metrial gland (GMG) cells, show the most dramatic changes in appearance. GMG cells i n t h e s e a n i m a l s s t a r t t o p r o l i f e r a t e a n d differentiate in the metrial gland in response to signals associated with pregnancy, and reach a maximum in number and size during midpregnancy at the decidua basalis and metrial gland [1] [2] [3] . GMG cells are derived from the bone marrow and share the same surface antigens as natural killer (NK) cells [4] [5] [6] . Clear pathways for movement of GMG cells to the endometrium of the uterus remain to be determined. Cells analogous to GMG cells are present in all mammalian species that have been examined [7] [8] [9] [10] [11] , and they have been suggested to have critical roles for pregnancy involving angioarchitecture via the interferon (IFN) -γ pathway during placentation [12] .
Since immune responses at the feto-maternal interface are essential for a successful pregnancy, immunodeficient mice, e.g., w/w v mice lacking mast cells [13] , SCID mice lacking T and B cells [14, 15] , TgE26 mice lacking NK and T cells [15] [16] [17] , and/or knockout mice for several cytokines [12, 18, 19] , have been utilized to clarify involvement of GMG cells in the normal process of pregnancy. Beige rats and mice are a model of Chediak-Higashi syndrome (CHS), which is caused by mutation in the autosomal recessive gene, the beige gene on chromosome 17 (rats) and 13 (mice) [20, 21] . This mutation promotes fusion of cytoplasmic granules and accumulation of huge granules in NK cells, which results in lysosomal dysfunction.
The abortion rate and frequency of GMG cells during pregnancy in beige mice are not different from normal pregnant mice [22] . The ultrastructure of GMG cells in beige mice also shows no difference compared to that of normal pregnant mice. On the other hand, since the cytoplasmic granules of leukocytes, including NK cells, in beige rats show more severe abnormalities in form and size than in beige mice [20, 21] , the beige gene of rats might have an effect on the functions of GMG cells and the reproductive performance in rats. In the present study, the relationship between the number of living fetuses in mid-and late-pregnancy and the appearance of GMG cells in the corresponding period of pregnancy was examined to assess the effect of the beige gene on rat pregnancy.
Materials and Methods
Beige (DA-bg/bg) rats and two controls, hetero (DA-bg/+) and wild-type (DA-+/+), were used in this study. Rats were bred and housed in barrier animal facilities at Setsunan and Yamaguchi Universities. All rats were sacrificed under pentobarbital anesthesia according to the guidelines of the committee for animal welfare at Yamaguchi University. The first day of pregnancy (Day 1) was defined as the day a copulatory plug and/or sperm were recognized in the vagina. Samples were obtained from the uteri of each rat between Day 8 and 20. The number of living fetuses was compared between mid-pregnancy (Days 8-12) and late-pregnancy (Days [15] [16] [17] [18] [19] [20] . In the same genotype, the values between these two periods were evaluated by F-test, followed by Welch's or Student's t-test. ANOVA was applied for comparison among genotypes in the same period of pregnancy. For light microscopy, the excised uteri were fixed in Bouin's solution. Specimens were embedded in paraffin wax using the conventional procedure. Transverse sections of 4 µm thickness were prepared and stained with toluidine blue. To analyze frequency of GMG cells in the metrial gland, the number of GMG cells, whose cytoplasmic granules were strongly stained, was counted on Day 8, 10, 12, 15, 18, and 20 within a microscopic field at × 400 magnification. Six fields were selected at random. The friedman test was used to evaluate appearance of GMG cells during pregnancy in each genotype. Furthermore, differences among genotypes were analyzed by ANOVA for each day of pregnancy. For electron microscopic observation, specimens were fixed with 2.5% glutaraldehyde, post-fixed in 1% osmium tetroxide, dehydrated in a graded series of ethanol, infiltrated in propylene oxide, and embedded in epoxy resin (Polysciences, Inc., Warrington, PA, USA). Ultrathin sections of approximately 100 nm thickness were prepared. After electron staining with uranyl acetate and lead citrate, sections were observed using a transmission electron microscope (JEM-1200EXII; JEOL Ltd., Tokyo, Japan) at 80 kV.
Results and Discussion
The number of living fetuses in the beige rats significantly decreased from mid-to latepregnancy. There was a significant difference in the number of fetuses between DA-bg/bg and DA-+/+, both in mid-and late-pregnancy ( Table 1) .
The decidua basalis and the metrial gland were well-developed on Day 8 in the beige rats. This is the same developmental feature as normal rats. The size of the decidua basalis in the beige rats gradually decreased from Day 10 to Day 15, while the metrial gland maintained its morphology. Blood vessels developed notably in the metrial gland of the beige rats. GMG cells were distributed mainly around the blood vessels in the metrial gland of both controls and beige rats (Fig. 1) . Toward Day 15, the number and the size of cytoplasmic granules of GMG cells increased in the beige rats (Fig. 2) . The cell density of the GMG cells for all three genotypes increased from Day 10 to Day 15 or 18, with a significant difference by the Friedman test, and decreased toward full term. The GMG cells of the beige rats were significantly less i n n u m b e r t h a n t h e D A -+ / + r a t s o n e a c h corresponding day of pregnancy, except Day 10 and 20 ( Table 2 ). The beige rats showed lower reproductive performance, indicating less GMG cells in the pregnant uterus, and larger cytoplasmic granules in the GMG cells compared to the controls. The rat beige gene diminishes NK cell activity through a lysosomal dysfunction [20] . Rat GMG cells express cell-surface antigens as well as NK cells, suggesting that rat GMG cells are of NK cell lineage [5, 6] . Taken together, rat GMG cells and peripheral NK cells might be influenced by the beige gene. Fetal loss occurred between mid-and late-pregnancy in the beige rats. It is highly possible that a deficiency of GMG cell activity by the beige gene disrupts normal pregnancy in rats because no other conspicuous morphological abnormalities were recognized in the uterus except the GMG cell features in the beige rats.
Remodeling of the uterine arteries, including thinning of the arterial walls, widening of arterial lumen, elongation of vessels, and branching [23] [24] [25] , is mediated by IFN-γ [14] . GMG cells produce vascular endothelial growth factor (VEGF) and/or inducible nitric oxide synthase (iNOS) in response to IFN-γ, and are involved in angioarchitecture [26, 27]. Blood vessels were well-developed in the metrial gland of the beige rats, and the GMG cells were localized mainly around blood vessels. The GMG cells in beige rats and normal rats might be involved in remodeling of the uterine blood vessels.
In our previous study, GMG cells in the beige mouse normally differentiated and proliferated without fetal reduction [22] . Since the stem cells of NK cells isolated from the bone marrow of beige mice are normal, impairment of NK cell activity might occur in their differentiation process [21] . These findings indicate that the beige gene might not be involved in differentiation of mouse GMG cells, and that the mechanism of differentiation for 
